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Abstract

A growing amount of evidence suggests that thyroid-stimulating hormone (TSH) is associ-

ated with cardiometabolic risk. However, there have been few longitudinal studies. The aim

of this study was to explore the causal relationship between TSH and metabolic syndrome

(MetS) in a large population-based longitudinal study. From 2010 to 2016 at the Health Man-

agement Center at Tri-Service General Hospital, 25,121 eligible patients were enrolled in

our cross-sectional analyses. Cox proportional hazard models were used to investigate the

longitudinal association among hypertension (HTN), prediabetes (pre-DM), MetS, diabetes

(DM) and TSH levels (N = 12,463). The average follow-up time was 7.2 years. In the cross-

sectional analysis, the OR for MetS was 1.06 (95% CI = 1.03–1.09; P< 0.05), while the ORs

for DM, pre-DM or HTN were not statistically significant (all P> 0.05). After dividing TSH lev-

els into four quartiles, the ORs for the presence of MetS determined by comparing the high-

est TSH quartile with the lowest TSH quartile were 1.37 (95% CI = 1.18–1.60), 1.42 (95% CI

= 1.20–1.67), and 1.44 (95% CI = 1.22–1.69) (all, P<0.05) in model 1, model 2 and model 3

respectively. The HR for the incidence of MetS was 1.33 (95% CI = 1.17–1.51; P < 0.05).

Our study revealed that TSH levels had a strong association with incident MetS.

Introduction

MetS is a cluster of metabolic abnormalities including central obesity, hypertension, dyslipide-

mia and hyperglycemia [1]. The presence of MetS is closely related to a substantially increased

risk of developing serious diseases such as type 2 diabetes mellitus and cardiovascular disease

[2]. Recently, an increasing prevalence of MetS has been reported worldwide, including in
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Asian countries and in Taiwan [3–5]. Accordingly, predicting the occurrence of MetS is crucial

for the prevention of subsequent irreversible metabolic diseases. Notably, higher TSH levels

have been reported to be associated with the presence of obesity, increased triglycerides and a

higher risk of MetS [6, 7]. Positive associations between TSH levels and systolic blood pressure

(SBP) and diastolic blood pressure(DBP) were also found in a population-based study [8].

Numerous studies have shown increased TSH levels are associated with less favorable lipid

profiles in euthyroid subjects [9–11]. Recent studies have revealed that slight elevations in TSH

levels in patients with subclinical hypothyroidism, or high normal TSH levels in euthyroid

patients are associated with higher risk of developing MetS [6]. In contrast, some reports have

shown that there is no association between TSH and MetS in euthyroid subjects and no associ-

ations between peripheral thyroid hormones and MetS [7, 12, 13].

To the best of our knowledge, it is not well -understood whether a higher TSH level within

the euthyroid range or subclinical hypothyroidism is associated with an increased prevalence

and incidence of MetS. Comparisons of four other longitudinal studies that attempted to

explore the association between TSH and MetS in euthyroid populations were performed in

the present study. Two studies involved Korean populations [14, 15], and the other two studies

were performed in Iran and in the USA population [16, 17]. There were strengths and weak-

nesses of those four studies. Consequently, the purpose of this study was to further clarify the

association between TSH levels and the presence of MetS by conducting cross-sectional and

longitudinal cohort analyses.

Methods

Study subjects

Our study data were extracted from 69,226 participants who underwent health examinations

at the Health Management Center in Tri-Service General Hospital (TSGH), Taiwan, from

2010 to 2016. This study was approved by the institutional review board (IRB) of TSGH and

was performed in accordance with the revised Helsinki Declaration. The IRB waived the need

to obtain individual informed consent because the data were analyzed anonymously. Partici-

pants with missing data including TSH levels, serum LDL-C, uric acid, creatinine, AST, albu-

min, hsCRP, proteinuria, and diagnostic tests for prediabetes, DM, and MetS were all excluded

(N = 44,105). The final sample contained 25,121 eligible subjects for the cross-sectional analy-

sis. We also excluded patients (N = 12,658) who were diagnosed with MetS or who were lost to

follow-up for further analyses. The final sample contained 12,463 eligible subjects in a longitu-

dinal analysis. Our study design and the selection of participants are shown in Fig 1.

TSH measurement

TSH levels were measured acquired by Cisbio Bioassays with an accurate immunoradiometric

assay that is based on the sandwich type principle.

Definition of HTN

Blood pressure was measured by a sphygmomanometer. A blood pressure of 140/90 mmHg or

the use of medication for previously diagnosed hypertension was defined as hypertension.

Definition of prediabetes

Prediabetes was diagnosed according to the American Diabetes Association criteria as long as

one of the following criteria was met [18]: a fasting plasma glucose between 100 mg/dl and 125

mg/dl or an HbA1c level between 5.7% to 6.4%.

Association between thyroid stimulating hormone and metabolic syndrome

PLOS ONE | https://doi.org/10.1371/journal.pone.0199209 June 21, 2018 2 / 11

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0199209


Definition of Type 2 DM

Type 2 DM was defined according to the American Diabetes Association criteria as long as one of

the following criteria was met [19]: hemoglobin A1c test� 6.5%; fasting plasma glucose� 126

mg/dL; 2-hour plasma glucose�200 mg/dl; classic symptoms of hyperglycemia or a hyperglyce-

mic crisis; or a random serum glucose�200 mg/dl. Participants with a past history of diabetes sta-

tus and those who used antidiabetic agents were also considered to have DM.

Criteria for MetS

According to the criteria of the International Diabetes Federation [20], participants were diag-

nosed with MetS if they had central obesity based on waist circumference (>90 cm in men and

>80 cm in women in Taiwan) [21] and met two or more of the following diagnostic criteria:

(1) triglycerides (TG)�150 mg/dL; (2) high-density lipoprotein cholesterol (HDL-C) <40

mg/dL in men and<50 mg/dL in women; (3) SBP�130 mmHg or DBP�85 mmHg, or the

current use of any antihypertensive medications; or (4) a fasting serum glucose�100 mg/dL

or a previous diagnosis of T2DM, or the current use of any antidiabetic medications.

Covariate measurements

The health examinations included standard evaluations of physical and mental health, com-

prehensive biochemistry tests, and anthropometric measurements. Biochemical parameters

Fig 1. Flow diagram of our study.

https://doi.org/10.1371/journal.pone.0199209.g001
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affecting metabolic values were corrected by having the patients fast for at least 8 hours. Age,

sex, smoking history, exercise habits, drinking history and medical history were self-reported

by the participants. Drinking alcohol was defined through self-report questionnaire and was

categorized as ‘‘never” and ‘‘alcohol consumption”. Exercise habits were classified according

to the question “How often do you exercise?”. “Exercise” was defined in subjects who self-

reported to exercise at least 1–2 times every week. Body weight and height were obtained from

a digital scale. Body mass index (BMI) was calculated by dividing the body weight with the

square of the body height (kg/m2). The presence of proteinuria was obtained with a urine dip-

stick colorimetric test. Other biochemical parameters, including serum glucose, serum TG,

serum low-density lipoprotein cholesterol (LDL-C), serum HDL-C, serum creatinine, high

sensitivity CRP (hsCRP), serum uric acid, serum albumin and aspartate aminotransferase

(AST) were measured by the HK UV test, the GPO-POD -method, the liquid selective deter-

gent method, the accelerator selective detergent method, a kinetic-modified Jaffe method

using alkaline picrate, a near- infrared particle immunoassay rate method, the uricase PAP

method, the bromocresol green method and the kinetic UV method (Tris buffer without P5P),

respectively. Body composition exams performed during the health evaluations included mea-

surements of the percentage of percentage of body fat. BIA (InBody720, Biospace, Inc., Cerri-

tos, CA, USA), which is a commonly used and effective method for assessing body

composition, was performed in this study.

Statistical analysis

All statistical analyses were performed with the Statistical Package for the Social Sciences, ver-

sion 22.0 for Windows. The mean and standard deviation (SD) were calculated for continuous

variables, whereas frequencies and percentages were calculated for discrete variables. Student’s

t-test and the Chi-square test were utilized for discrete data and continuous data, respectively.

A two-sided P-value less than 0.05 was considered statistically significant. We applied a quar-

tile-based analysis in our study by stratifying TSH levels into four quartiles. The cut-off levels

for TSH were as follows: Q1< 1.33 (μIU/mL), 1.33�Q2 < 1.92 (μIU/mL), 1.92�Q3 < 2.73

(μIU/mL), and 2.73�Q4 (μIU/mL). Multivariate logistic regression was performed to evalu-

ate the associations between TSH levels and the prevalence of HTN, prediabetes, MetS and

DM. Covariate adjustment was used, and the extended statistical results were evaluated with

the following three models: model 1 = unadjusted; model 2 = adjusted by age, gender, protein-

uria, LDL-C, uric acid, creatinine, AST, albumin, and hsCRP; model 3 = model 2 + adjustment

for smoking and drinking history. A Cox proportional hazard model was generated to evaluate

the association between continuous TSH levels and the incidence of MetS.

Results

The demographic characteristics of the 25,121 enrolled participants stratified by TSH quartiles

are listed in Table 1. Patients with Q1TSH were more likely to be younger and male, have a his-

tory of smoking and have proteinuria, lower LDL-C, and lower AST than patients with Q4

TSH (all, P<0.05). Table 2 showed the ORs for the presence of HTN, prediabetes, MetS and

DM as estimated by TSH levels; the ORs for MetS in all model 1, model 2 and model 3 were

1.06 (95% CI: 1.03 to 1.09), 1.05 (95% CI: 1.02 to 1.09), 1.06 (95% CI: 1.06 to 1.09), respectively

(all P< 0.05), while the ORs for HTN, prediabetes, MetS and DM in all models were not statis-

tically significant (all P> 0.05). These findings illustrated that MetS had a stronger association

with TSH levels than HTN, prediabetes and DM. After stratification of TSH levels into four

quartiles, the estimated presence of MetS in patients with Q4TSH was significantly different

with Q1 TSH. (Table 3, all P<0.0001). Table 4 showed the HRs for the presence of MetS in
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model 1, model 2 and model 3 were 1.33 (95% CI: 1.17 to 1.51), 1.21 (95% CI: 1.04 to 1.40),

1.18 (95% CI: 1.02–1.37) respectively (all P < 0.05). Furthermore, the HRs for incident MetS

in females were 2.26 (95% CI: 1.53 to 3.34), 2.49 (95% CI: 1.40 to 4.41), 2.52 (95% CI: 1.35–

4.68) in model 1, model 2 and model 3, respectively (all P < 0.05). These findings conclusively

suggested that the TSH level might be a useful tool for predicting the incidence of MetS in

females.

Discussion

There were several remarkable findings in the present large-scale population-based cohort

study. First, continuous TSH levels had a significant association with the presence of MetS.

This association grew stronger when the highest TSH quartile was compared with the lowest

Table 1. Demographic and characteristics of enrolled participants and their association between TSH levels which were divided into four groups.

Variables Q1 TSH (n = 6312) Q2 TSH (n = 6318) Q3 TSH (n = 6260) Q4 TSH (n = 6231)

Continuous Variables, mean (SD)

Age 48.55(15.15) 48.13(14.69) 48.68(15.08) 50.66(15.69)�

LDL-C 185.31(35.40) 186.69(35.20) 188.29(36.16)� 190.04(36.84)�

Uric acid 5.71(1.46) 5.74(1.46) 5.74(1.47) 5.71(1.52)

Creatinine 0.84(0.29) 0.85(0.24) 0.85(0.30) 0.87(0.48)�

AST 20.97(11.95) 21.48(14.04) 21.66(11.57)� 21.85(10.85)�

Albumin 4.45(0.28) 4.47(0.28)� 4.46(0.29) 4.45(0.30)

hsCRP 0.24(0.61) 0.23(0.45) 0.24(0.51) 0.23(0.42)

Fat percentage 27.42(7.31) 27.56(7.21) 28.06(7.22)� 29.00(7.63)�

Category Variables, (%)

Proteinuria 1594(27.9) 1480(26.1) 1443(25.9) 1392(25.0)

Male 3590(60.9) 3538(60.6) 3267(57.0) 2845(50.4)

Smoking 1504(34.0) 1351(29.9) 1274(28.3) 1152(25.5)

Drinking 1194(48.0) 2016(48.7) 1937(46.9) 1906(46.5)

Exercise 1965 (31.1) 2009 (31.8) 1965 (31.4) 1904 (30.6)

Abbreviation: SD, standard deviation; LDL-C, low density lipoprotein cholesterol; hsCRP, high sensitivity C-reactive protein; AST, aspartate aminotransferase.

� indicates TSH quartiles (Q2, Q3, Q4) with different letters were significantly different from Q1 TSH (p < 0.05, ANOVA).

https://doi.org/10.1371/journal.pone.0199209.t001

Table 2. Association between TSH (as continuous variables) and MetS, DM, pre-DM, HTN.

Variable Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

TSH HTN

1.00 (0.97–1.04) 0.875 0.99 (0.96–1.03) 0.659 0.99 (0.96–1.03) 0.583

Prediabetes

1.02 (0.99–1.05) 0.202 1.01 (0.98–1.05) 0.564 1.01 (0.98–1.05) 0.586

DM

1.03 (0.98–1.08) 0.259 1.02 (0.97–1.08) 0.413 1.02 (0.97–1.08) 0.433

MetS

1.05 (1.02–1.08) 0.001 1.05 (1.01–1.09) 0.007 1.05 (1.01–1.09) 0.009

Model 1: unadjusted.

Model 2: adjusted by (age, gender, BMI, proteinuria, LDL-C, serum uric acid, serum creatinine, serum AST, serum albumin, hsCRP, fat percentage, excercise).

Model 3: adjusted by Model 2+ (smoking, drinking)

https://doi.org/10.1371/journal.pone.0199209.t002
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TSH quartile. Notably, after a 7.2-year follow-up period, the continuous TSH level was a signif-

icant risk factor for developing MetS. To the best of our knowledge, this is the first study in

Asian population to address the utilization of the TSH level as a predictive tool for both preva-

lent and incident MetS.

After reviewing the published articles, four other longitudinal studies exploring the associa-

tion between MetS and thyroid function were identified (Table 5). The only one with time-to-

event analysis as in the present study was performed by Mehran L et al[16]. Their study con-

tained 2,393 participants and revealed that a decrease in FT4 values at the lower end of the ref-

erence range was more predictive for MetS than a decrease at the upper end of the reference

range. Moreover, the confidence intervals for the lower end of the reference range were nar-

rower, implying that the estimation was more precise at lower FT4 levels. According to the

mechanism of endocrine regulation, decreased FT4 was accompanied by higher TSH values

due to negative feedback. Therefore, we can extend results from the study by Mehran L et al.

Table 3. Comparing higher TSH quartiles with the lowest TSH quartile to explore their association with HTN, prediabetes, MetS, and DM.

TSH Quatiles Model 1 Model 2 Model 3

ORs (95% CI) P ORs (95% CI) P ORs (95% CI) P
HTN

Q2 vs Q1 1.04 (0.87–1.23) 0.682 1.02 (0.85–1.22) 0.860 1.01 (0.84–1.21) 0.931

Q3 vs Q1 1.01 (0.85–1.20) 0.914 1.01 (0.84–1.21) 0.917 1.00 (0.83–1.20) 0.995

Q4 vs Q1 1.08 (0.92–1.28) 0.353 1.02 (0.85–1.22) 0.858 1.00 (0.83–1.20) 0.980

Prediabetes

Q2 vs Q1 0.97 (0.81–1.17) 0.776 0.95 (0.78–1.15) 0.608 0.96 (0.79–1.16) 0.640

Q3 vs Q1 1.04 (0.86–1.24) 0.706 1.03 (0.85–1.24) 0.792 1.03 (0.85–1.25) 0.751

Q4 vs Q1 0.97 (0.81–1.17) 0.770 0.89 (0.73–1.08) 0.226 0.89 (0.73–1.08) 0.224

DM

Q2 vs Q1 1.15 (0.86–1.53) 0.360 1.16 (0.85–1.57) 0.345 1.19 (0.88–1.61) 0.271

Q3 vs Q1 1.00 (0.74–1.35) 0.986 1.02 (0.74–1.39) 0.915 1.03 (0.75–1.41) 0.847

Q4 vs Q1 1.19 (0.89–1.59) 0.238 1.11 (0.82–1.50) 0.515 1.12 (0.82–1.52) 0.474

MetS

Q2 vs Q1 1.10 (0.93–1.30) 0.271 1.08 (0.90–1.31) 0.413 1.11 (0.91–1.34) 0.307

Q3 vs Q1 1.18 (1.01–1.40) 0.044 1.22 (1.01–1.48) 0.041 1.24 (1.03–1.51) 0.025

Q4 vs Q1 1.40 (1.19–1.65) <0.0001 1.34 (1.11–1.61) 0.003 1.35 (1.12–1.64) 0.002

Model 1: unadjusted.

Model 2: adjusted by (age, gender, BMI, proteinuria, LDL-C, serum uric acid, serum creatinine, serum AST, serum albumin, hsCRP, fat percentage, exercise).

Model 3: adjusted by Model 2+ (smoking, drinking)

https://doi.org/10.1371/journal.pone.0199209.t003

Table 4. Gender differences in HRs of MetS by TSH quartiles.

Model 1 Model 2 Model 3

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

MetS Total 1.31 (1.16–1.49) <0.0001 1.19 (1.02–1.38) 0.023 1.17 (1.00–1.37) 0.044

Male 1.21 (1.01–1.44) 0.038 1.13 (0.93–1.36) 0.211 1.12 (0.93–1.36) 0.226

Female 2.36 (1.54–3.61) <0.0001 2.47 (1.33–4.59) 0.004 2.70 (1.34–5.43) 0.005

Model 1: unadjusted.

Model 2: adjusted by (age, BMI, proteinuria, LDL-C, serum uric acid, serum creatinine, serum AST, serum albumin, hsCRP, fat percentage, exercise)

Model 3: adjusted by Model 2+ (smoking, drinking)

https://doi.org/10.1371/journal.pone.0199209.t004
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into the idea that an increase in TSH levels at the higher end of the reference range was more

predictive of MetS than an increase at the lower end of the reference range, which is compati-

ble with our findings. However, their results can only be applied to Caucasian patients, and

there were only 2,393 participants enrolled in the longitudinal analysis, making their findings

relatively less convincing than those of our study, which included 12,463 patients.

Three other studies, one proposed by Kim et al.[22], one by Warning et al.[17] and one by

Park et al.[23] included 13496, 2119 and 5998 eligible participants, respectively, before the

beginning of longitudinal follow-up. All three of these studies did not involve a time-to-event

investigation of the association between TSH levels and incident MetS because the thyroid-

associated values were recorded only at the beginning and at the final follow-up of these stud-

ies. Spontaneous normalization of abnormal TSH levels among a significant proportion of

patients was reported in many studies [24, 25], resulting in non-differential misclassification

and attenuation of the observations. In addition to the above mentioned disadvantages, there

were some inconsistencies among the three studies that are discussed below.

In the 2016 study of a Korean population [22], serum T3 levels and the T3-to-T4 ratio were

reported to be associated with MetS in middle-aged people; they concluded that both FT4 and

TSH had no predictive value for prevalent MetS. Their results were contradictory to ours;

there are several possible explanations for this phenomenon. First, alcohol consumption has

been reported to have a significant association with prevalent MetS in numerous studies [26–

29]. However, alcohol consumption data was not available in their study, implying that their

adjustment for covariates might not have been comprehensive enough to accurately evaluate

prevalent MetS. Second, the comparison between BMI-defined MetS and WC-defined MetS

was controversial in the current studies [30–32]. Nevertheless, they substituted WC with BMI

in the definition of MetS, which might be a potential factor interfering with the estimation of

prevalent MetS.

In a cohort of community-dwelling subjects aged>70 years from the United States, Warn-

ing et al.[17] reported that TSH was associated with prevalent MetS, which was compatible

Table 5. Comparison of different Cohort studies investigating the association between thyroid function and MetS.

Date

Authors

Study type Race Age Initial

eligible

cases

Follow-up

duration

Cases of

MetS at

follow-up

Variables Findings

2018 Our

studyOur

study

Longitudinal Asian �20 12,463 7.2 years (2010–

2017)(2010–

2017)

480 TSH HR for MetS by TSH was 1.33 (95% CI = 1.17–1.51;

P <0.0001).

2017 Mehran L

et al.[16]

Longitudinal Caucasian �20 2,393 9.7 years (2002–

2011)(2002–

2011)

•2002–2005:

393

•2006–2008:

237

•2009–2011:

320

FT4 ORs for MetS by FT4 was 0.59 (95% CI = 0.39–0.9;

P was not available).

2016 Kim HJ et al.

[14]

Longitudinal Asian 35–

65

13,496 6 years (2006–

2012)(2006–

2012)

1,664 •FT3

•T3/T4

•OR for MetS in the highest T3 quartile group was

1.249 compared to the lowest T3 quartile group

•(95% CI = 1.020–1.529; P = 0.031).

•OR for MetS in the highest T3-to-T4 ratio quartile

group was 1.458 compared to the lowest T3-to-T4

ratio quartile. (95% CI = 1.141–1.863; P<0.001)

2012 Waring AC

et al.[17]

Longitudinal Caucasian 70–

79

2,119 6 years 239 TSH OR for MetS by TSH was 1.03 (95% CI = 1.01–1.06;

P = 0.02)

2011 Park SB et al

[15].

Longitudinal Asian >18 5,998 3 years (2002–

2009)(2002–

2009)

694 •TSH

•FT4

OR for MetS by TSH was 1.103 (P = 0.041)

https://doi.org/10.1371/journal.pone.0199209.t005
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with our cross-sectional analysis. Unfortunately, the number of enrolled patients was much

less than that in the present study. In addition, the range of eligible ages in their study was too

narrow to apply the results to other populations with different ages. In a 2011 cohort study of a

Korean population in 2011 [23], TSH levels were found to be associated with either prevalent

or incident MetS. The study population was derived from patients who visited a university

hospital for medical evaluations; therefore, it is difficult to apply their results to the general

population.

Several current references have proposed possible mechanisms for the association between

MetS and TSH levels. The HUNT and Tromsø studies suggested that increases in arterial stiff-

ness and defective vascular relaxation might be reasons for elevated blood pressure associated

with increased TSH levels [8, 33, 34]. Higher TSH levels were found to be associated with

decreased HDL and increased triglycerides in the HUNT study [9]. Increasing evidence has

suggested that thyroid hormone facilitates reverse cholesterol transport in the liver and there-

fore increases HDL-C activity [35]. Elevated insulin resistance has also been described among

patients with subclinical and overt hypothyroidism [36, 37].

Our study has some limitations that should be taken into consideration. First, we did not

identify whether or not each of the included participants was taking any medication for thy-

roid dysfunction. In addition, a lack of FT3 and FT4 measurements had made it impossible to

confirm the diagnosis of subclinical hyperthyroidism or hypothyroidism among included

patients. Next, homeostatic model assessment for insulin resistance (HOMA-IR), an impor-

tant predictor for MetS, was also not included in the analysis model because there were no

available data concerning HOMA-IR in this study of all Taiwanese. Finally, the race and eth-

nicity of the participants recruited to the present study were all Asian, restricting the utilization

of these findings in other population-based research in the future.

In conclusion, our study highlighted that TSH levels, particularly the highest quartile, were

significantly associated with prevalent MetS. In addition, the incidence of MetS was signifi-

cantly associated with continuous TSH levels, implying that the TSH level was an effective tool

for predicting incident MetS. However, further clinical and well-designed longitudinal studies

are still needed to determine if decreases of TSH levels might actually be accompanied by a

decreased occurrence of MetS.
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